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PRE FACE

This paper discusses the relationship between Total Quality Management (TQM) and

Concurrert Engineering (CF), or Integrated Product Development (IPD). Tile ideas herein wvere

developed over two years through my experience as both TQM coordinator for the LAogistics

Research Division and lead scientist for the decision support systems effo~rt within the Acquisition

Log-istics Branch. During this time I had the pleasure of working with David Dieroif and Kairen

Richter of Thie Institute for Defense Analyses (IDA); their comments on the ideas developed in this

paper are appreciated. In fact, their rcsearch efforts under the Foniial Methods andl DSS Tools
work unit (2940-01-19) formed the basis for the IDA Paper, P-2506, Consaui~ Ei1!ineei ing

TeQams, and the joint article -%Concun-ent Engineering: Total Quality Management Applied to

I rOduMt/Process D~efinition- (to appear in Concurrent Engineering, Auerbach Publishers). This

tecclnica! paper however delves much more deeply into tlicý philosophical comparisons hetwecii

T1QM and IPD. It is hoped that readers Will use the views and opinions expressed in this paper,

along wvith the afOrcienutnioixcd companion works. to ease efl'Ori., to i nwi~ it thtt P1.) ntocess

j V



SUMMARY

T[his paper compares the philosophical basics of Total Quality Management (TQM) and

Concurrent [~nglneefing (CFi), or ats referred to in the DoD, Integrated ProdUCt Development (IPD).

TQM is at critical initiative for American industry and the Department of Defense (DoD). American

inldustry faiccs at "crisis"' in industrial competitiveness in the global -market; a return to quality

products and processes As seen ats a long-term solution to this crisis. Similarly, the DoD is lacing

its own challenges, such as declining resources to meet expanding durrands. TQM1 is the DoD

initNiatVe In qua.4lity to help answer these and future challenges. Integrated ProduIct Development

(1111)), is at component metho~d uinder the TrQM umnbrvlla that targets the design environiment. 1ilc

llIl)approach provides: (I.) better coordination between interdecpendent design activities, (2) better

support and tracking of product evolution, and (3) simultaneous coordination of all pr(oL11t life-

cyAccleiilcniciis. A closer examitnationl of TQM and 1I'1) reveals similarities in underlying

philosophies which lead to charactenizing IPD as TQM applied to product design. To support this

charaicterization, seven fundamental tenets of TQM are discuIssed;

()manag-ement CoflimmietfLft

(2) continuial. improvement,

(3) customecr satisfaction,

(4) teamwork,

(5) work processes,

(0) training, and

(7) people its the. critical resource.

I "'cit~ teneLt is discu~sscd and its 11-3[) applicability is identified.



A QUALITY PHILOSOPHY
FOR

INTEGRATED PRODUCT DEVELOP~MENT

1. INTRODUCJTION

There Is a tremecndouIS pulSh, both within American industry and the Department of

IDcfense (D~OD), to improve the quality of all goo~ds and services in an effort to improve

industrinal comipetiti venless in an increasingly competitive, international market. This push

is~ ki1Ovr by variou~s names (Q+-, TEX, TQ, PIQE) I Ropelewski, 19901 anid each

pairticular instance of quality im~provement is uinique in some wVay. I lowý-vcr, each
imlprovemniit initiative shares common themes. Each initiative seeks to micet the

tkLhiiological and economic challenges of the modern internati onal. marketplace by focusing

on) th0 LIrAl ity Of the products proxl.Ileýd, the qiulitv of the processes employed to prYudu.ce

tho. prod) IIUcs, and the quality of the people and management system within the organization.

Within the L)(31, the quality im11provement process is called Total Quality Managemient

(TO'M). AlthouLgh TQM is newv doctrine for DoD, formnally adopted in 1988 [Carlucci,

N8I IX i. s philosophies are already a suIccess story. lThc most, notable success is the

cniergence of Japan ats iýfl interniational industrial power.

A key technology ofTN 'I'QS Con1current Engineering (ClE), or Integrated Product
D cvclopment (11,D). 1 IN~) is it techiniqule wherehy sy.-teiii design defects are avoided rather

than coneected later in the design process. The INI) approach is to cdefinc the product

cliar;nL11ieiSlics while defining the processes by which the product will. he manufaictured and

supported. The potential oflI'l51 is tremlendouIs. It empowers thet design' organization, and

mnore. importantly the people of the design organization, to examine all lite-cycle

Ce1aSIdeiritions ot a proposed system during the early stages of design while there is ,~tiil

time to make cost -effective, changes to the system. In effect, CE toCuIses on improving. the

e-nd produ~ct by improving the process by which it is designed and built. TQM shares this

sae ocuis.

Tlhus, ll'D is characterii~ed as 1'QM applied to the product design pro()cess. The

ooh elive of, this paper is1 to acquaint the reader with lthe I PD philosophy. This wvill be

atcoiti 1t).lishwd by reClar i ig the basic teCnet OfTQN1 to 111C IPI ) nit iti iVe. I nor to discuISsinrg

thiis ir I tit msh ip betweeni 'QN1i and I 'I). it will be hlcpful !o bri-e"INy explain thle history of

'IQNIl and hl11).

KkA 4 k, hConcutrrent egcI ulcrunig hm,ýtve i et ci 'ri-t wo as It Iacgi :tictf W ilk- Luc DO \C J opi cf I (II '0). TI ic wo
(CHH Ill V .Itc ciWcl yltYiO i. d (ISC 01 It') wirhin this- palicr imuplic., cithoc eriu.

I



11. TOTAL. QUALITY MANAGEMNT~l

ilie history of] QM has already been aptly dcscibed by vanious authors. This

paper will nota - 17and SYntheCSiic the vmrious view% and opin ions on thle sub icc; rather,
it wvill identify a few keys points that wvill help) to establish our particular per-spective: on) thle

Subject.

American industry coliectively sutfered complacency ah er World War 11 (WWI 1)

with respect to qutality. Post-XVWII prosperity resulting fromn constimer markets cager for

goodis, coupled with America having the oinly intact indu.,tr jul base, lulle1d Americanl

11induStry into a false sense of security. American Products were then the best in the wvorld

feedling at hungry Market. Thus, managers focused their concern -r, schedules and short-
term profits, often at the expense of quality. Unfortunately they got away with this

practice. Thle result is a mindset, now prevalent in business practices, that crnphasliies

qluick return onl investment, maximization of stockholder premium%, La lack of long-term

investment focus, anld a sometimies Tayloristic approach to mianagemient wvherein

management is rt-spnonSihe foi- everything in the organization. MeanwhileAl h~ 's

competition, most notably Japan, rebuilt after the war with at fOCUS onl quality mnanagemlent

practices. These companies made thle neccessary long-term, initially low-yield, investments

in manufacturing technology anid empowered thle entire design and production organizationi

to seek contintual improvement. These companies now have advanced manufacturing

technology. The result is that new" produLcts are often introduced bly Amecrican firms but

efficiently, and competitively, manufactured abroad. American finns thtus lose market

share and tire associated profits. Thie resuilt is a "crisis" it, American produtctivity resulting

tronl] inrtense for~ -onctio n .:-o ~nn an IUct mSIr itf[ IlVal lous

ManlUtfituring industries.

Government and Industry have attacked this crisis in various ways. I ligher tar iffs

onl imports is one methodt, but protectionism does not help induistry, in the long run.

Iacior3, automation h1as achieved marginal success, but often at substantial financial cost.

New research and inrnovations are another method; recent inldt1Stry-;iaLcadeia esear'ch

consortia is a promisinlfg ou~tgrowth of this approach. H owever, thle most promising

method is to focus onl quality improveincn. A uthors stich as Peteýrs, Inran, Crosby, atnd

Deming are telling American industry hlow to re-focus their effikwts Onl quality ando ikjtiality

ManlagCement practiCcS. Their message is clear: accept the "new" philosophy or Amecricanl

inati ut1acturing will cease to IV among11 thle world leaders.

2



[IlLc I)ol) ha~s it vestad in '.erest in the healthl of AnRerican industry and its

nainuitiacruiiring carpabil it ics. The: DOD is thec large,,s Culs'Orner o~ If, and lit! -vst supplier to, tfir

A riericai Hindustrilal basc ~I k'crry, 1986], so mtuch so that it "'is of ten dilffic tilt to dr~aw it
CILear-cutI distinction between thc U.S. defense indlustrial base and the U.S. commercial

ruanriIfa1'ctur~irig economy" I McCormack, 19891. In Litimes off declining budgets and

perceIved leNssning of defense requtire menits, produICtion runs for wveapon systems are short

and vey specialized. Austere aind inIconsisten't bu~dgets cauIse lengthened pr(oiUetion runs
(i lSS thaln o~timalJ output1. efficiency. This bulrden is pllaced on manufacturing facilities

that mti 0e ssentially specific to at product. Our lack of' long-mter in ve.,tuicut in
roan ~ ,ildniu technology mecans that today we still (f*Or the most part) work with a ) 40s

rnliiidtset of long4,t-running, highi-yield, single-product pr-oduLction lines. Bilt the DoD
comntirnal ly loses thec cost savings of mass produIctionl.

Another reason for D'OD) interest in the A nicrican indLstrial base is that "the ability

(1 'otir in i I tary forces to mueet our national security objectives is, in largýe mlea1sure, a

nireniori01 01f t1e stren~gth anid vitalir O U.S 1Industry' j Strickland, 19881. The DOD warl

maclinei Is only as strong as the ability of thle American Industrial base to support stirge

producetion to meiet wartimec demands, particularllly inl theC h~i ehi NI)rC i~li0. 'ed sectrs o)f

udlust ry tho D~OD relies on. Insufficient factories, lack ofilmodern eq CI111111Cnt In thý exiisting

f~icories, too few flexi ble mianuifactUring plaints, and foreign-owned Arrerican factories

posec threats to national security. TIo adequately mleet d1cfenise p~r)curemen)Clt needs, the
Aaiericý.ir, ,iu~~cuii nvironirnerit mnust b, fkxibic eniough to effectively' and efficiently

produce wcaloioi sy'stemfs iii the retlluit-d S11all1 lots.'.

TQM is at "strategy for improving the qurality of loD proces~ses and pnxt1ucts anid

achieving subIsZtantial reductions in the cost of owvnership thiroughout,1 th1C Systemls' life
cycle"' I Strickland, 1988). 'ihus, TOM I, mlore LhAn ia I~crp Iy I; i~~iv

American inrdustrial posture; it al-so f~muses onl improving DoD internal pickiucts and

prcse. D~eclining budgets, foi ce reductions, and incereasing~ external scruitiny are butl a
few reasons for Dot) to internalize: the TQM1 philosophies. InI the future, the DoD (in]

parr icular DOD) Acquisition), 1mu1st do mo10re With fewer resourceTs. This chaldlenge reqluires
ilipmci tivet Xltpo ctivity which is an end produLct of COntinuouMS process improvemntei and a

basic tenect of.QM. In 19188, iRobei t Costello, tlndcrsecretaty of Defenise fo! Acquilsitionl,

sutated, "I ami making 'lQM success my pritiary objective" [Costello, 19881. 'Initiatives

such as aeq iLii~SIt'ion steaMul in i rg, staistI~ical proCC."s control-, valLie crigince n-ri, a rId

war[ra[Iities are nlow tlinder_ the. TlQN1 urImllrehlla du~e to JiCir impa~ict Onl quahlity' in theC acquisittion

arenaI'. BY' CUxarnin irg I )OD)aq is 'LtlNiionl further, we can e larborate onl the 'lQNl cqiito

goals Of m1t err il LLIrl i ty ol processes anid external quiilli ty ofpI-OdUCtS.

3



Internil oaI qal it\ Implies efchic kit pi ocessCs and openl comniiiinieatiol C11:11ii16 W t

enha itnce hlow thle DoT) gets thte job) done. It means etmpowering person nel to b-conie ml~e

efC1CiV tivead efficienit. Intcrilal quatlity is tieccssitated by it decrease iii available resouce.1C.S

Tile basic puiivoisc ol *%1' is not necessarily to elimlinlate jobs and t uned~ons. I lowever.

(luring mandated redu1ctions, 1'QN1 provides at means to ob)jectively accomplish thle task.

The reSUlting Organizational environment is characteri zed by) less nion -valuie-added work,

q1uick and efficiento process ;Indl higher quality output. lII acqutisition this mieanls

fewer reporting chainnels, fewecr levels of review, and it streamlhined prixciireiiletlt process.
TQmm makes better use Of personnelC reou~rces, ensures less re'dundancy of effort, andi(

prom~oteS smarter business practices in the execution of acquisition programls.
Improv'ing thle quality of external products means improving thle producLts (.

contract proposals and specificatilons'. thle 1)0) acquisition COiflili11ti i) provides to i udusuy,

it DOD) customer. The D~OD must correctly define the systems required to provide necess"ary

combat capabili1ty. 'Iheso: defi nitional efforts must integrate the user requirements,

engineer-ing design and design suppoit cliaracterist ics, m1'an ufacturinrg concerns, and

logistics suippoi t atl "Iibu tes. The end result I's a productc which alIlows industry to ret im n a

(Ital i ty weaponl systeml or eq~uipme nt, Thus, quality is "coittorn11ince to Correctly dke fined
requlirementts s:fflisfý in,, c ustonlier 11CCdsN" [S triiCklad, 1988j1, MnILI that1 c:UStoi r eed 11Ci 1

Coilhlb't capability.

111. INT'1'GRATEDI PRODUCT DEVFAA)PN'NT

As a result of tile 1988 Ivstitite for Defense Analyses (IDA) rcport, "Thie Role of'

Concurrent Engineering *in Weapoi System Acquisition,"' CEL was forwally adopted ats Dol )

;nd TQTM doc trine. The acceptedi deiniition of CE~ is:

a. itsystemiatic approach to tKc. integrated, concurrent design of'

products and their related processes, including manni fact tire and
support. hIs approach i's intended to cause thle deve!opers from the

ou1St set) toConsider all1 e lenCIIenS Of thle produIct life cycle fromi

coticepi ion through diisposal, including quality, cost, schedule, and

user zequitriients IN~innei et al., 1 9881.

A CE approach (hereafter referred to ats IPD) to design requtires inlcrealSed

teawok, ar ic! lic bt ween e cii nccrin ui11ad mlanuflact ur ing activities. In fact.t "i

4



prac titced III J apan, I COliCtUillcilt design]I is a giouip process where nnewhicrs of' the group

ICJ~lescilt il~te Ivs5t M'ii fling tilie Illf Cycle Cof tIC pI)LlIUCt ITAI, 19'881J. T his teamlwork

*tppi oachI is new \Vto some Anirricati industries. One milght argnie to the contrary, citing the

"Itier team concept ats itprime example of' teanmvork in U. .S. Industry. H owever, in

general, decsign has not been accomplished using the mnultif'unctional team advocated by'

Ill1) and employed inl ilpanl. One characteilzatio' of American design is at design

or-gan~iation of separate functional offices that pass partial designs 'ov'er-tlle- wall" to theL

neCXt Office Inl the des.ignl sequelnce. Commun11ication an1101g designers is v'ery fortual and

intcr-depar tnental. A group only sees the design w~hcn the preceding group is tinishcd

with its portion of the design. IN ) removes these walls and requires continual interaction

betweenl teams. Stich teaml efforts work in l1Tl) and are the corneristone of TQM1. The

iteainwo'rk conicept is suIccessfuLl because it empowers the people to nake the necessary'

chlliigs, to mieet the chiallenlges facing the organization. Taken together, the initiatives share

three goals. as set forth by D~r. Costello (Costello, 1 989b1] namely: (I ) increa.sed quality of

weapon systems, (2) reduIced cost (p'i-OCUreme1n t and lif'e-cycle Cost), an11L (3) reduiced

developmvent timeC.

Essenitial-ly, lIN) is aI philosophy of prtxlnict design which emphasoizes:

(I ) coordination bectween iinterdepedent design ac~tivi~ties, t.2) better suipport andi racking

of pi-ixiiict evolution, andi (3) simutltaneous; conside-ration of all producet life-cycle elements.

It is a basic systemis er,-1incerinig (MIL-STD-499) approach ito design: bring the affected

palrtics into tile dlesign p' acess early, resolve life-cycle design issues early, and save moncy
over the produtct life cycle while reducing design time through fewer changes later in the

program (whun su.ch changes affect forinally established program baselines).

IV. TENETS OF TQN1

Tilie key' chitiacterisfics of TQM vary fromn auithor to au.thor anl"d exp~er to expert.

I 'eniin g's 14 points for nanageirient I Deming, 19801 and J urau's TIrilogy Ii uran, 1989]

are two,( well -knowni tenects. 0Cha'actei-istics of quality are: provided by Tuttle [Tu~ttle, 1989,)!

Strickiaind I Strickland, 1988], or any, of thle variety of consulting firmis that provide TQM

nitrin inrg, fkicil itation, or consulftation support. The following key chimuacteristics apply' to

hoth Ti' QNI and IPD:

c ustonier satisfaction.,



*focus oil work. pt(KccScs'5

*training. anld

*people as the critical resown c.

MNjaualjw'nt Cm imn

D r. W.FV. Dt-mini g and DI"). J. Jriniti both emphasize: lie cruc iia! role of nuanagement

inl :;ccesstull qknabljý tviTllpritenlen t efol.Man agemlent inn ISt Create and foster an
organizational ci inlatc tot T'IQM in -which pcople can focus onl qua;l ity and the conttinuous11

inmprovemfien[t of products4 and processes. anbragers must become coaches and provide

workers thle requisite tools 10 aIccomplish their assigned joh,.. NI anagceinet scts the

strategic vision and goails for thle organi/iation so that thle entire organ izat ion, down to each

Iindividual. vvoi~kci, can relate their -llk CI FS to thle Orgarii Ifi onl til liSSiOn.Ths
(letfined goals are not at nierh KI of Mianagenment by Objectives involving (Itlotil Systewrs. nlor

anl approach in whith je; anagetlint defines and avssigns thle work rvrsks withinl thle

ormanizaton. Rathier manaigemnent's goal; for tihe Loigiilitation prov'ide the "coinstanrcy of
p",.L ilt w iiiir .I 6j 1'r ir ohr r(;lrr,aimion: thle orvati'7 itoils ermmtnentosaii

busliness fox (lit: long, runr arid for the welfare of all i nvolvxed. Setting suech lofty Lgoals Is a

challenge that requires a ve.ry reall comitmenIIICIt to thle straitegiC planitlng anld qIua]ity

timprovemient process. ihi commitment requires c uhuta] change onl the part oit

IxIanagernenlt an1d thil' cuLtWural changI'e is onle of thle bliggest chailleniges fa.cinig tile TQNM

II'D can beL classi fled ats af gra!ssroots approach to systems ei gincering becauseý its

procedures are so "commom- sense." I lowever, in sonieceas;es thle Atmerican de:;.igni

comrmun ity hais deceioped a t radjitior onew S011Wit coun11te-cultutral to I Iii. For WI) to work

eff.Cti\'ely, thereC innLs! he teaniwork amomg tihe design team members, opori linres of

C0 n iim11un ication am11ong [tic teant arnd hrotigh thle design organ7ilationl andIC at comm1lnitren t out

the paii of nimiaagemnent to giveC tile III) teani th~e timle and reCsources necessary for

successful design efforts. I lowev'er, Amierican industry has created functionally al ignied,

stovepipe designl or-ganizat110ins Charaettriied by independent specialized areas, fo-nnal ized

eomvtrrrun11icationl ehaincnls, and initense tnanagcerne~ scrutiniv. For 11I) to succeed, these

organizations lutist restructure anid management must allow a new organizational ciiliturc to

evolve. Managemnent mtust Create a climate Ilt which a TQN' philosophy and 1111) ~proitch

to design can flOur~i i. NIZi angernent niust set the goals for the systemn dlesignt, Zalign tite

organifiatioln for successfully concurrenI Otly engineering the system x, and empower tile



individuals involved in the design effort to make the required system design a reality.

Management must sha're their power with the individuals of the organization; this requires a

strong Commitment.

Continual Improvcment

A TQM environment is characterized by the philosophy, "improve it." However, in

design, one might say, "Best is the enemy of goxKd enrough." While there may at first seeni

!o be at conflict between TQM and IPD in regards to continual iniprovement, there really is

not.

In an organization committed to quality and continual improvement, there is the

tnderstanding ttat all processes, and the procedures governing those processes, can arnd

should be subject to continual improvement efforts. The improvement may simply involve

accommodating new technology, but it is still improvement. In a sense, continual

impiovenient is necessary to keep processes at their highest level of cificiency.

Complacency is the archenemy of a continual improvement process I nlai, 19861. The

improvement process targets Dcming's "hidden factory" IDeming, 19861 embedded within

every orgaiz-ain. TAhis hide.n factory comprIKes thos ...... Milh lad 10 show up on

the company balance sheet. The hidden factory is responsible for the scrap and rework

within the organization, from the reaccomplishment of poorly machined parts to the

restaffing and reprinting of incorrect correspondence. The hidden factory takes a good

portion of the operating budget, particularly when considering the cost of an individual s

time. E-f forts to reduce a 15 percent (of gross income.) hidden factory to a five percent

hidden factory incre.ses profits ten percent withol.t any additional outlay of rcsourses. The

continual improvement culture simply improves the processes and procedIies.

"IPL) IClUin.Cs continually improving the processes by which the system i.,. designed

11id manufactured to produce better designs more efficiently. Continual improvement does

not necessarily mean continually improving the design characteristics and attributes of the

syscnm. Such activity will never field systems. The crux of the II') initiative is to

continually improve the processes by which systems are built; that is, improve the design

of the design process. The end result is improved system functional pcr-formance with

reduced development time and cost. Just as there is a hidden factory within an

organization, so there is a "hidden design factory" within the design organization. Failure

to piopcrily consider certain critical asptcts of a system design (as one example) can lead to

costly redesign later in the manufacturing process. Later redesign i even [more costly once

hasclics are established and mock-ups and prototypes are developed. Early consideration
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of pertinent design issues reflects a preventative approach to system design. Finding new

and improved ways to reduce the hidden design factory requires an organizational

environment conducive to change for improvement. This same environment incorporates

lessons learned into the design process so the organization can learn from previous

experiences.

Cultural changes are an accepted part of the TQM effort. A continuous

improvement environment within design also requires cultural change. An environment

that encourages a questioning attitude challenges the old methods of design and examines

potential improvements. It requires a shift in attitude so the design process uniquely fits the

system under design. St,ch cultural changes require management commitment as well as a

focus on the work processes under continual improvement.

Customer Satisfaction

One of the strongest TQM/IPI) links is the focus on the customer and his/her

requirements. In any organization, dissatisfied customers mean loss of business, loss of
market share, and loss of profit. As these losses add up, the business will ultimately cease
io exist (if it does not change its approach). The customer wants, quality products at a just
price. In the customers eye.,;, the product must be free of defects and not promote

dissatisfaction. Quality motivated firms develop close ties to their customers. , n MIT
study on industrial competitiveness noted, "the best practice finns we observed are

developing closer ties to their customers" I Berger et al., 1990].

In FQM, part of the change in organizational culture that affects the customer focus

is the recognition of the alternating roles of customer and supplier, both at the process and

oiganizational level. In every process, input is received (functioning as a customer) and

output IS prodluccd;, this output Is thn uiscd by Sounutcuii else (functioning as a supplici').

Understanding this customer-supplier cycle is important. To improve the quality of a

process, the process owner must understand and communicate, his requirements to his

supplier. tFurther, he must understand and meet the requiremcnts of his customer when

functioliing as at supplier. This same relationship holds for organizations. A company
receives input (raw materials, specifications, task plans) and produces output (finished

products, systems, technical publications). For these reasons, TQM advocates closer ties

with suppliers to communicate requirements and improve the quality of the input received

so as to improve the qtuality of the output produced at both the individual pnress and

o0 ganizational level. This is a definite change in American management philosophy which

typically advocates the "armms-length" approach to maintain emphasis on competition.



While not replacing competition, zlhere Must Lomne a more unified, teaming philosophy

aniong companies to promnote satisfaction of requirements.

The entire design process starts with thle definition of the CuISZOnier, or in thle DoD

case, the opt.rational user requirements. The IDA report on CE states, "CE starts with the

requiremients gcneration process... land is] chiaractecrizcd by a focus onl Customer

requ~iremen~lts' !Winner et al., 19881. The definition of Dol) system requirements, COulpled

with iniproveci design processes, are key elements inl an 1131 design effort. Thest elements

Scrive to develop systems ill line With operational user needs. One objective, is to improve

thle operaltionail suitability2 of the fielded system. Systems must mieet the needs of the user

While 11he designl arid acqjuisition processes mnust prodUCe anld deliver thle syStetri "Ill time''" to

apply the systemn to the required combat capability. 3 To accomplIish this task, users must

he involved throughout thle process, from defining thle required capability, to defining the

acqu~isiltion and developmental requirements, to providing timiely feedback thirouighout flth,

developmentt and support process.
Tlhe bottomi line for achieving cuistomer satisfkitction in weaiponi systemns is combat

capability. The end user needs capable systetms and equipment; there is no room for poor

dcsigns. I.ustomicr satisfaction reqluires quality' system (or pRXILnct) aitt ibute.s ard s).stem

operating characteristics that cause the enld user to "want" the system because it provides

what is ntxeded--combat capability'.

eantrwoik

According to Juran, thle road to quality is traveled poje)cct by project [Juriln, 1989!

andeac prjeCt is ac;omnplie yaprject teami. ITeaiiwork is impor-tant forf successful

i'QM' imrplemuentation, particularly in reatlizing the inicremental changes fromj each project
coilti ibuting toward a continu11al process improvement environment. Projects itflse fronm

within thle orga niization with at recognized need for at process improvement effort. Both

1r1UanageInl tent11r1 thle orgaizalitionlal structureC must promlote Such teamiing activities. No

h ni 'cr call Amrerican mana~geentcn dictate a] I activities within the or-anlizationl. The

coiI.iteraiionIci reig grvcni to i al L bi I II mY, Coll I p.11bIIi Ih y, traursporitak I iy, IIIIt:'rop':iht31i1ty, reI iabilIity,

"sIrIp)Il i~taiity, andi( trairurrgy ICeqtirenl~crIls.
I he ''iii-lot " ie'C on cept iii tic% t i vcry' 0of tie syste iii acecord iiig to itic irgi cer sd ic (hii ie r&ftectrinrg w hict d]ic

s't Ii s rin(ccc by itre ouwreitinoiuii ii.5r.
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Aiticrican managemlent ethos mist chanige' to P'articipative M'anagement, cross-I untional

Malargeicn.n1t, or somei forth oft tese as the accepted method of management.

ill lhrt"W qrtalir ;lrse lj'jpriichc-N, the ore~mmiatiorral srrrcitrcru flattens". Strih.

funcetional a~q1ll'lj' 101.1usfoud, In vciticaliv stnructured organiz/ations, are remroved and thle

orp I aizai M Of 1'ee inc s more urn I le d. FI- ititer organizat ion Ia structures prom nOle c I oss-

funcutional teat toik to aiddresýs issues and processes that Impact til he tire org~an iiitiOnl

!kS T'CS etrictiveL communiincation resiults from renovinig harriers between work areas.

Emiployees cam wor k togctirer to Improve the supplier-cLIstomer relationships ont tire job-

sh op flout. A Jwi a if, TI irre- iii k'lcm r) systeml is oine example of tear uwrk, not only among

tile companiesý involvedl in srrpplier-citstomner relationships, but also amiong the job--shop

workers in a production facility. A flattecr organizational StnItcttre improves communicationl

through the org:inrzatnonal hierarchy; management listens to what tire work force Is satying

ratiher tian tellirng tire( work force to ''histentllu" during one-way, downward-directed

corlmruin iCatIOWHS.

As prcevoios iy mentioned, llPl. requires a team approach to design. Technology is-

imlportlant to efficiently deSign and analyze increasingly complex weapon systems, hut

leciliriroloy l" fnor tile roal. aniswer to improving rhe ditsign process. E~arly coniceptual

design involves marry issues, thus it rccquires a mtrltidtisciplined tearm, pulled from the entire

organization arnd chartered to addre-ss issues impacting the overall system lifecycle. While

early decsign (ILetails may of ten preclude detailed decision-making due to risk and Lincertaitiy

inl thle eventual systemi characteristics, issues such as logistics support, mairntainability,

1n1ailpower, peI"Soiilel, 'fl(l training should hie considered early to avoid later con flicts ats the

system design evolves and thre system characteristics become more defined. This IPI)-tcanr

appro -h reqluires at pi-opecr -teamlitlg organizational structure. characterized b)y open

C011r1l11.rutCatioil amiong team members, access to evolving design hiritormation, clear and

(corle i;e report ing chiannels tC) mnlragemvenlt, and commitment to the_ project versus

coilirllitifletlt to thle frrtrlctional 'hlomle' office.

The Ii:1P1 teamvi ug concept is extenlsible to coil tract-su hcortrrac tor relationship as"

O(ri-palli iators wr ttoperher to improve- their prodicire and jirocc,ýe ',e. Stir hon itactors

Im vi 1(2 c ii ll)OU'll 10 u storire Cor1riaCtOr Wilt) initegrates tile corm ponrents to floror tire systemr.

ThI e bretter tire suihconitractOr produces in terirs of conformnance to specifications, quailty of

workmanshrisp, and auLirptability to tire inittgrated sNystemi. tile more etffii- iell .1r1d I e fCr i~k y(he

HIrtCu-tnrrnrM rlr~k. 1, rirrg ;1\ a: rc.utt in tifllre~ (rrrtrrjtiar mirt- ie-quirrelvierrr (it ti1'

systtel rIrN deCopir t rent project allows f )1' an CH ircic nit subcontractor -to- contractor flow lof

prrodurcts. This Itn turnr eniliances thre ,y,;wjnr design arnd Integration pr(mC55 to ultinlately

iirlnprovLC0 tile uaby Of tire systemr. or eqnilpuerrt, (lelivered to the iDol.) customer.



Work Processes

All efforts are made up of processes; improving these processes will produce better

products and a healthier organization. Both TQM and IPD share this vision and purpose.

Any organization, whether a manufacturing firmi. a service organization, or a

consulting finn, accomplishes its mission via processes. Within these processes are the

hidden factory previously discussed. This hidden factory costs the organization money

without generating income or adding value to the organization. Reducing the level of the

hidd•n factory by improving the work processes increases profits. A climate of continual

improvement evolves ttirou:h a focus on the work processes. Fach worker should be

knowledgeable in his/her work process and those processes that affect his/her own

process. This will provide hini'her the ability to ask and address the question, "Is there a

better way?" Management miust allow workers to openly question the current standards,

and lore1 tcams to examine and improve the work processes. With the increased emphasis

on improving productivity must come the rea litation that true increases in productivity

result from improving the processes, not conrollina and managing according to the

uIumi:Clrs or o1put o1" the 1r-1ccsscs. t'urthermore, by improving the work piocesses,

management can build flexibility into the organization; flexibility needed to cope with rapid

change caused by increasing sysitcn complexity and changing technology.
"To sonic researchers, design is merely a process of making design decisions

I Mistree, 19901 and the puJrpose of the design team and dcsiga project managers is to

llmanagc tile dcsign decision process. Project managers Must focus on the design process,

not manage according to the pro(ItICts of the design effort. Naturally, the design schedule
illa,'g part dictates management concerns, and tile schedule typically fkoCLISCS on the

products. While schedule concerns are indeed very important, IPD requires managcrs to

shilt some emphasis to the design process and how schedules suppoL-t the plaoned design

dccision sequence.

1111) brings tremendous potential to the development process [Winner et al., 1988j.

More knowledgeable designers are part of the process. Since tie designers nmust address
the wide range of technical issues pet tinent to each system design. The desi.gn process and

thc design personnel must be capable of handling the iV1crasing level of comiIllxity. This

is partiCIlal-ly true with I'ewer weapon systems under dcvelopmlcnt. With fewer systems in

tle pipeline, and each system requiring so long to design, build, and acquire, one pitfall to

avoid is to get all the technology inserted into the systemn. Such technology can conic from

many sNOurces. I or instance, labor-atoris watt to insert their new, state-f-t tlc-art

II



technology into the system. Tlie design engineers may wish to insert te-hrnology they are

familiar with though there may not be a strong need for it. In either case, th. 'aboratory

anld the engineer cause technology to drive the system design process. 1 . reality, tile

design process must efficiently and effectively design and build the requested system

within the decreased development time promised by the IPD design approach. IPD can

reduce development time through the early identification and resolution of life-cycle

concerns for the system. Early identification and resolution of problems avoids costly, and

time-consuming, redesign and rework later in the effort. Studies indicate tip to 70 percent

of life-cycle cost dlives are locked into the system after just 20 percent of the development

time has been expended. This 70/20 relationship provides IPD the potential to reduce cost

and development time, and increase quality through an improved design process.

Training

Two of Dr. Deming's Fourteen Points deal with training: Point 6 -institute training

on the.job, and Point 13 - institute a vigorous program of education and self-improvement

I Scherkenbach, 1 9XS9. In particular, in Japan's Kaizen philosophy I Inai, 19861,

management builds a quality-based organization through training and leadership. Workers

are responsible for their particular work process but they must be trained to properly

accomplish the task. Training on the job is just as important as the physical tO.lO reqluired

to accomplish the job. Truly comprehensive training includes instruction in other aspects

of thi job-floor or organization. In many progressive organizations, the training program

includes job rotation. Th"lis not only provides a more qualified, robust workforce, it also

buiids unity within the work force as workers gain an unders;tanding of other

tcamumenibers' duties and responsibilities. Training in statistical and problem solving toxls

nmay also be provided. An organizational culture focused on continual improvement needs

personnel with the requisite skills to inlplenient the identified improvements. Training in

problem solving enables the work force to not only identify improvement opportunitics, but

also to analyze and dCtcrmineC improvement strategies for the work process. Deming's

IPoint 13 focuses on enhancing the capabilities of the individual. Focused training is

reqUired for any jotb. Ilowever, for the employee to grow as an individual and better

accommodtate changc, he/she must be allowed to learn new skills that may or may not have

direct application to his/her immediate tasks. This produces workers with more diverse

backgrounds who are more olpn to change anid mIore dedicated to the organization since the

Organization gave them the chance to branch out in their own direction. The result is a,

more qualified work force.
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The same training philo.ophy hodis for the design teamn within th, - IlD design

environment. The organizationll nuISt provide the ui anring to brifng the de sign teallm to the

app ropriate level of technical prolicicncy. The design tean necds tral finifg to understand the

lasic roles and fincthons of each member of the team. Tcchnica. depth is often not required

in all subject areas, but a cursory knowllcdgc of the vaiIus functional areas within thc

design cflTrt is a plus. D)esign tcams face increasingly complex systems and they must

sitntltaneously address more design issues early in the design process. Members of this

multidisciplined design team need improved methodologies, techniques, anri anadytical

toX)ls to handle this complex decision process. Along with the methods and techniques,

members must have sufficient training to effectively employ the tools. A well-rounded

design organization is more open to changing enviuonlncnts and changing technologies. A

narrow approach to training prevents, or stifles, adaptation to new or improved design

processes. A broad-based training program which focuses on individual needs and desires

is the best overall training approach.

fPeople as the Critical Resource

E'very qualiiy initiative recognizes that people are the most valuable rcsOn1rce of any

organization. Managemien alone is not responsible for imrlloving and guiding an

organization. If mallagemlCnt represents ten percent of the organization, 90 percent of the

organizational brainpower is ignored. The alternative organizational approach embraces

continual process improvement and puts 100 percent of the organization's brainpower to
work in,proving and guiding the organization. The organization empowers its employees

to identify areas for improvement and then work to achieve those improvements. This

focus on process improvement is characterized by an emphasis on the people within tlhe

process.

People can adapt and reason and thus can handlc change and coIplexity. Machines

and computers deal with algorithimic reasoning which requires structured problems defined

by rules and colditions; reality is not always so structured. The ability to infer knowledge

foni sccmingly disJointCed pieces of int' friation is a haitian task. Japanese manufacturing

SulCCes'.s I)loVCS that hutllman workers can function in a highly prtoluctive manner [TA'IT,

198)8 1. Adaptive mitanlfacturiMg and improving the manufacturing process, both off-line

and on-line, is still best accomplished by humans. Outside the manufacturilng environment,

people are even mlore important when dealing with the unstructured decision processes

characteristic of daily operations.



The IP) 'Initiative differs from other design improvement initiatives in that it

focuses onl the humanm designer in the design process. Weapon sysitvni design is, and

always will he, heavily dependent onl computer technology to handle the numerous and

highly complex desion aspects, constraints, drawings, and analyses. However, IPF)

recognizes that ultimlately, tile d.-sign deci.ýion process is accomplished by the memnbers of

the IPD team. T1he concept of a multidisciplined team collectively addressing life-cycle

issues for thc system, and making decisions regarding system tradeoffs, technologies,

complexities, and attributes stresses the importance of qualified and motivated individuals

within the design team. Managemient must provide the design team:

"* too]s to accomplish the analyses upon which to base dIesign decisions,

"* training to under-itand thle design p)roc.ess an(1 thle interrelationships amiong the

design aspects,

*training to allow the individual., to work together in a team environment as well as

improve the design processes, and

*an ort~auizational C1v irotmlimit condlucivye to open cominti nication among the

diesign team1 mem~lbers andI Up through thle project managemnirt structure.

iDesilgn is; basicafll~ya humnan activity. 1t has been characteri~ed aý the managemient

of a sequence of design decisions or as a learning process in which the design team,

learning from each decision, gains anl understanding of the evolving design. Regardless of

its characterlization the process is a people process.

A final quote, again from thle MIT Productivity study, captures the essense of this

TQM tenet:

In a system based onl mass production of' standard goods, where

CO att 1rs morc than qua~lity, the DCgeC~t Of humanili~ rCScOUrCS by-y

companies may have been comp~aiihle with good economic

pvtrformance; today it appears ats a major part oif the U.S.,'s

prodluctivity problem I Berger, et at., 19891.

V. CONCLUSIONS

This paper discussed the similarities; between TQM and IPO, and characterized IPI)

ats TQM for product design. The simi lari ties are valid. l3oth TQM and IPI)reýquire a

cultural change. for su1CCessful imlplementat ion, hut what is a cultural change? Once

deintled, h1ow does the Orcanjz;7atiozi knoxv \hell tile culture has Changed?! 'Ihzl bz.u Measut c

is J.he output. If' thle output indicates organ i zational health, and tile. orgtaniz7ationalI
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philosophy is oneC ol continual process improvement, does thlis imply successful

organizational cultural change? These are questions everyone inlvolved in 'YQM or lPD

must address,

11w communication process within the HID teanm is critical for successful 1.DL

design effort-,. With personnel drawn from various functional disciplines, speaking the

respective technical languages, communicating design Concepts can become over-

complicated and unwieldy. The commnVLication process must be open, unimpeded by

foninal organization~al concerns. Management must create this COMMUnlication process and

arllowv the design team to evolve and improve on it dlUring the decsign proccss.

lQMv promises to imlprove an organiZaltionl, thereby impr1)oving the pr-XiLuCtS and

processes it comprises. In the commercial sector, this improvement is necessitated by
increasing global competition and loss of market share. In the DoD, in particular the

acqulisition commilunity, thle Challenge is to achieve more with less ats well ats help ensure the

economic health of the industrial base. Amiong the implied goals of TQM iare: (1) improved

qutality, (2) reduced cost, and (3) shortened schedules.
ll'l is a powerful tool to help ach~ieve the TQM goals for acquisition. Success for

HIDJ is predicated onl manyv of thle. same conditions placed (,n the TQM initiative; this wats theo

motivation for this paper. Each iinitiative is based on similar tenets characterized overall by:

mfanagetictiet commitment, involvement of the entire Organization, open channels of

c01m111mniation, anid at philosophy of continual improvement of products and processes.

There is no blueprint for success in either initiative. Every organizaition and each

individual within it is unique, thus necessitating unique approaches to trainiingo,

organizational and process imiprovemnent, teamnwork and teambuilding, and shiftin' theC.,

1cus to qul~ality'. Deming's Fourtcen Points provide solid philosophy, but they are not a1

"how to' list. Junin's mnana-ernent structure for quality decscribes how to onz.anize die

quiAlity imlprOV~lCmen effort, hut not how to accomplish the transformiation. There are many

Consuiltants offering 1'QM' services, each with their own "canned" approach, but each

- ~approach must still be tailored to the target organization.
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